[Role of hemoglobin affinity to oxygen in adaptation to hypoxemia].
One of the basic mechanisms of adapting to hypoxemia is a decrease in the affinity of hemoglobin for oxygen. This process occurs mainly due to the increased synthesis of 2,3-diphosphoglycerate (2,3-DPG) in the erythrocytes, as well as through the Bohr effect. Hemoglobin with decreased affinity for oxygen increases the oxygenation of tissues, because it gives up oxygen more easily during microcirculation. In foetal circulation, however, at a partial oxygen pressure (pO2) of 25 mmHg in the umbilical vein, the oxygen carrier is type F hemoglobin which has a high oxygen affinity. The commonly accepted role for hemoglobin F is limited to facilitating diffusion through the placenta. Is fetal life the only moment when haemoglobin F is useful? THE AIM OF STUDY was to create a mathematical model, which would answer the question at what conditions an increase, rather than a decrease, in haemoglobin oxygen affinity is of benefit to the body. Using the kinetics of dissociation of oxygen from hemoglobin described by the Hill equation as the basis for further discussion, we created a mathematical model describing the pO2 value in the microcirculatory system and its dependence on arterial blood pO2. The calculations were performed for hemoglobin with low oxygen affinity (adult type) and high-affinity hemoglobin (fetal type). The modelling took into account both physiological and pathological ranges of acid-base equilibrium and tissue oxygen extraction parameters. It was shown that for the physiological range of acid-base equilibrium and the resting level of tissue oxygen extraction parameters, with an arterial blood pO2 of 26.8 mmHg, the higher-affinity hemoglobin becomes the more effective oxygen carrier. It was also demonstrated that the arterial blood pO2, below which the high-affinity hemoglobin becomes the more effective carrier, is dependent on blood pH and the difference between the arterial and venous oxygen saturation levels. Simulations performed for the pathological states showed that acidosis and increased tissue oxygen demand lead to a broadened arterial blood pO2 range, in which the high-affinity hemoglobin is more efficient. Contrary to the widely held view that the only response to hypoxemia is a decrease in haemoglobin oxygen affinity, it was shown that under extreme hypoxemic conditions, an increased haemoglobin oxygen affinity improves the oxygenation of tissues. It was also shown that the dominance of hemoglobin with a high oxygen affinity rapidly exceeds hemoglobin with low oxygen affinity in the case of acidosis with its accompanying high tissue oxygen extraction. In cases of extreme disruptions of the acid-base equilibrium, the dominance of high-oxygen-affinity hemoglobin spans over the entire possible range of pO2 in arterial blood.